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(54) Piezoelectric/electrostrictive device and method for producing the same 



(57) The present invention provides a piezo-elec- 
tric/electrostrictive device including a pair of thin plate 
sections 12a and 12b in an opposed relation to each 
other, a fixing section 14 for supporting the thin plate 
sections 12a and 1 2b, and piezo-electric/electrostrictive 
elements 18a and 18b are provided to the pair of thin 
plate sections 12a and 12b respectively. The movable 
sections 20a and 20b respectively have end surfaces 
34a and 34b in an opposed relation. Recesses 20c and 
20d filled with a filler are formed at the boundaries be- 
tween the thin plate sections 1 2a and 1 2b, and the fixing 
section 14 and the movable sections 20a and 20b. As 
a result, the impact resistance of the device 10 is en- 
hanced. The present invention also relates to the meth- 
od for producing such a device. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a piezo-elec- 
tric/electrostrictive device including movable sections 
which operate based on the displacement movement of 
a piezo-electric/electrostrictive element, or a piezo- 
electric/electrostrictive device in which the displace- 
ment of the movable sections can be detected by a pi- 
ezo-electric/electrostrictive element, and a method for 
producing the same. Specifically, the present invention 
relates to a piezo-electric/electrostrictive device having 
high strength, high impact resistance, and high moisture 
resistance in which movable sections can be operated 
in a large movement efficiently, and a method for pro- 
ducing the same. 

RELATED ART 

[0002] Recently, in the field of optics, magnetic re- 
cording, and precision processing, there is a demand 
for a displacement element capable of adjusting the 
length and position of an optical path by orders of sub- 
micron. In an attempt to satisfy such a demand, devel- 
opments have been pursued for a displacement ele- 
ment which utilizes a displacement generated by an in- 
verse piezo-electric effect and an electrostrictive effect 
obtained when a voltage is applied to a piezo-electric/ 
electrostrictive material (for example, ferroelectric sub- 
stance and the like). 

[0003] As a conventional displacement element such 
as described above, Japanese Unexamined Patent 
Publication No. 10-136665 discloses a piezo-electric 
actuator having a structure where a piezo-electric/elec- 
trostrictive material is formed into a plate-like body 
which is then perforated, thereby integrally forming a fix- 
ing section, movable sections, and a beam section for 
supporting them into one-piece unit, and an electrode 
layer is formed in the beam section. In this piezo-elec- 
tric/electrostrictive actuator, when a voltage is applied 
to the electrode layer, the beam section shrinks in a di- 
rection that connects the fixing section to the movable 
sections due to the inverse piezo-electric effect and 
electrostrictive effect. As a result, the movable sections 
can be displaced along an arc or rotatively displaced 
within the surface of the plate-like body. 
[0004] Japanese Unexamined Patent Publication No. 
63-64640 discloses a technique using an actuator with 
a bimorph. The electrode of the bimorph is divided into 
a plurality of electrodes, and the divided electrodes are 
selectively driven. In this manner, positioning can be 
performed with high accuracy at high speed. This prior 
art publication shows (in particular, in Fig. 4) the struc- 
ture where two bimorphs are positioned in an opposed 
relation to each other. 

[0005] However, the conventional actuators de- 
scribed above are entirely constituted by materials frag- 



2 

ile and relatively heavy in weight. Therefore, they have 
low mechanical strength, and are poor in handling char- 
acteristics and impact resistance. 
[0006] Conventionally, in an attempt to improve the 

5 mechanical strength of the conventional actuators, the 
strength of the section easy to vibrate has been en- 
hanced. For this purpose, the enhancement in the rigid- 
ity of the vibration section has been conducted. The en- 
hancement adversely affects the basic properties of the 

10 actuator itself such as resonance characteristics and 
displacement, and causes a problem that the adjust- 
ment of the basic properties becomes difficult. 

SUMMARY OF THE INVENTION 

15 

[0007] The present invention has been made in order 
to improve the impact resistance of the force sensor de- 
scribed in Japanese Patent Applications Nos. 
11-114669, 11-259006, and 11-259007 which are prior 

20 applications filed by the present inventors. Furthermore, 
the present invention has been made based on the find- 
ing that, in the force sensor described in the U. S. Patent 
Application No. 09/501162 which utilized a piezo-elec- 
tric body, the impact exerted to the operating body from 

25 the outside is easily adsorbed by a viscoelastic body 
provided into a narrow slot formed under the supporting 
bed, thereby improving the impact resistance of the vi- 
bration plate. 

[0008] In order to enhance the impact resistance of 

30 the device while giving only a small influence on the ba- 
sic properties of the device itself, according to the inven- 
tion recited in claim 1, a piezo-electric/electrostrictive 
device includes a pair of thin plate sections in an op- 
posed relation to each other, a fixing section for support- 

35 ing the thin plate sections, the pair of thin plate sections 
having a movable section at a top end thereof, and at 
— Heast one of the pair of thin plate sections having one or 
more piezo-electric/electrostrictive elements, wherein a 
filler is provided in recesses between the thin plate sec- 

40 tions and the movable sections, or in recesses between 
the thin plate sections and the fixing section. With this 
arrangement, even if the thin plate sections produce 
large displacements by receiving a large impact from the 
outside, the stress generated at a boundary between the 

45 thin plate sections and the movable sections or between 
the thin plate sections and the fixing section is dispersed 
into the filler provided in the recess. In this manner, there 
is no damage of the device which has been convention- 
ally resulted from the concentration of the stress, and 

50 the impact resistance of the thin plate sections is en- 
hanced. 

[0009] In the present invention, the concept of the pi- 
ezo-electric/electrostrictive device resides in that an 
electric energy and a mechanical energy are alternately 
55 converted by a piezo-electric/electrostrictive element in- 
cluded therein. Therefore, the piezo-electric/electros- 
trictive device is the most preferably used as an active 
device such as various actuators and vibrators, and es- 
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pecially a displacement device which utilizes a displace- 
ment created by a backward voltage effect and electros- 
trictive effect. In addition, the piezo-electric/electrostric- 
tive device is also preferable as a passive device such 
as acceleration sensor elements and impact sensor el- 
ements. 

[001 0] As a material of the filler, an organic resin such 
as an adhesive, glass, a mixture of an organic resin and 
ceramics, metal, and a mixture of metal and ceramics 
may be used. The filler may be porous or dense. It is 
preferable that the filler is highly porous as its hardness 
becomes higher, and is highly dense as its flexibility be- 
comes higher. The filler layer is preferably adhered to 
the thin plate section, and the movable section and the 
fixing section, and itself has elasticity or flexibility. Fur- 
thermore, the filler is preferably a viscoelastic body it- 
self, because the filler with viscoelasticity effectively ad- 
sorbs the impact from the outside. 
[001 1 ] The recess into which the filler is provided has 
a shape of rectangle. Alternatively, the surface of the 
recess formed by the inner surface of the movable sec- 
tion or fixing section in an opposed relation to the thin 
plate section may be in a step-like or tapered shape. 
When the device is produced by laminating green 
sheets, the recess may be formed by a single layer or 
multiple layers. When the recess is formed by a single 
layer, the preferable thickness of the recess is 0.01 to 
0.3mm, and the preferable depth thereof is 0.03 to Imm. 
The preferable ratio of the thickness to depth (thickness/ 
depth) is 0.01 to 10, and more preferably 0.1 to 3. When 
the recess is formed by multiple layers, the thickness of 
the recess is preferably increased in the longitudinal di- 
rection of the thin plate section. 

[0012] The thickness of the recess indicates the 
length of the shortest portion in the recess. The recess 
is not necessarily has a uniform size, but its opening or 
bottom may have larger size. 

[0013] Preferably, a method for producing a piezo- 
electric/electrostrictive device including a pair of thin 
plate sections in an opposed relation to each other, a 
fixing section for supporting the thin plate sections, the 
pair of thin plate sections having a movable section at 
a top end thereof, and at least one of the pair of thin 
plate sections having one or more piezo-electric/elec- 
trostrictive elements, includes the steps of: forming and 
preparing a first ceramic green sheet to be the thin plate 
section, a second ceramic green sheet having a first 
window section, and a third ceramic green sheet having 
a window section smaller than the first window section; 
and interposing at least the second ceramic green sheet 
between the first and third ceramic green sheets to pre- 
pare a laminated body of a plurality of ceramic green 
sheets. 

[0014] It is also preferable that a method for producing 
a piezo-electric/electrostrictive device including a pair 
of thin plate sections in an opposed relation to each oth- 
er, a fixing section for supporting the thin plate sections, 
the pair of thin plate sections having a movable section 



at a top end thereof, and at least one of the pair of thin 
plate sections having one or more piezo-electric/elec- 
trostrictive elements, includes the steps of: forming and 
preparing a first ceramic green sheet to be the thin plate 

5 section, and a second ceramic green sheet having a 
window section; and interposing a sheet containing a 
high-melting point metal between the first ceramic green 
sheet and the second ceramic green sheet. 
[001 5] In addition, it is preferable that the sheet con- 

10 taining the high-melting point metal is formed by a print 
forming. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 [0016] 

FIG. 1 is a perspective view showing a piezo-elec- 
tric/electrostrictive device; 

FIG. 2 is an explanatory diagram showing the 
20 movement of a piezo-electric/electrostrictive de- 
vice; 

FIG. 3 is an explanatory diagram showing another 
shape of filler filled into the recess; 
FIG. 4 is a perspective view showing a piezo-elec- 
25 tric/electrostrictive device having a recess of anoth- 
er type; 

FIG. 5 is an explanatory diagram showing a filler 
having a shape different from the shape shown in 
FIG. 4; 

30 FIG. 6 is a perspective diagram showing a piezo- 
electric/electrostrictive device having a recess of 
another type; 

FIG. 7 is an explanatory diagram showing a filler 
having a shape different from the shape shown in 
35 FIG. 6; 

FIG. 8 is a perspective view showing a piezo-elec- 
tric/electrostrictive device having a recess of anoth- 
er type; 

FIG. 9 is an explanatory diagram showing green 
40 sheets to be laminated on top of each other; and 
FIG. 10 is an explanatory diagram showing the state 
where the green sheets are laminated on top of 
each other; and 

FIG. 11 is an explanatory diagram showing the state 
45 after the piezo-electric layer is formed. 

FIG. 12 is an explanatory diagram showing piezo- 
electric/electrostrictive device after cutting. 

DETAILED DESCRIPTION OF THE INVENTION 

50 

[0017] Hereinafter, embodiments in which the piezo- 
electric/electrostrictive device of the present invention 
is obtained will be described in detail. 
[0018] Fig. 1 is a perspective view showing a piezo- 
55 electric/electrostrictive device 10. The piezo-electric/ 
electrostrictive device 10 has a substrate 16 in which a 
pair of thin plate sections 12a and 12b in an opposed 
relation to each other, and a fixing section 14 for holding 
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the thin plate sections 12a and 12b are integrally 
formed. A part of the pair of thin plate sections 12a and 
12b is respectively formed with a piezo-electric/electros- 
trictive elements 18a and 18b. 

[0019] In the piezo-electric/electrostrictive device 10, 
the pair of thin plate sections 12a and 12b are displaced 
by driving the piezo-electric/electrostrictive elements 
18a and/or 18b, or the displacement of the pair of thin 
plate sections 12a and 12b is detected by the piezo- 
electric/electrostrictive elements 18a and/or 18b. 
[0020] The top end of the respective thin plate sec- 
tions 1 2a and 12b projects inwardly to be thick. The thick 
portions serve as movable sections 20a and 20b which 
are displaced in accordance with the displacement 
movement of the thin plate sections 12a and 12b. Here- 
inafter, the top ends of the thin plate sections 12a and 
12b are referred to as movable sections 20a and 20b. 
[0021] At the boundaries between the top ends of the 
thin plates 12a and 12b, and the movable sections 20a 
and 20b respectively, recesses 20c and 20d are formed 
along a longitudinal direction of the thin plate sections 
12a and 12b. In the respective recesses 20c and 20d, 
a filler is provided. Similarly, at boundaries between the 
bottom ends of the thin plates 12a and 12b, and the fix- 
ing section 14 respectively, recesses 14a and 14b are 
formed along a longitudinal direction of the thin plate 
sections 12a and 12b. In the recesses 14a and 14b, a 
filler is provided. 

[0022] The substrate 16 may have a single structure 
made of ceramics alone, or alternatively, may have a 
hybrid structure made of ceramics and a metallic mate- 
rial in combination. 

[0023] The substrate 16 also may have a structure in 
which the members thereof are attached to each other 
by an adhesive such as an organic resin and glass, a 
ceramic-integrated structure in which ceramic green 
sheets are laminated on top of each other and are sin- 
tered into one-piece unit, and a metal-integrated struc- 
ture in which metallic members are integrated into one- 
piece unit by brazing, soldering, eutecting bonding, or 
welding. Preferably, the substrate 16 is formed with a 
ceramic laminated body produced by sintering ceramic 
green laminated body into one-piece unit. 
[0024] When the substrate has a ceramic-integrated 
structure, no adhesive is used at the connections be- 
tween its members. Without the use of adhesive, the 
substrate undergoes almost no change of state with the 
elapse of time, and therefore, this is a structure advan- 
tageous in that high reliability is attained at the connec- 
tions between the members and high rigidity is also at- 
tained. In addition, this structure can be easily produced 
by a ceramic green sheet laminating method which will 
be described later. 

[0025] The piezo-electric/electrostrictive elements 
18a and 18b are prepared independently from the sub- 
strate 16 as will be described later, and then are at- 
tached to the substrate 16 with an adhesive such as an 
organic resin and glass, or by a method such as brazing, 
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soldering, eutectic bonding and the like. Alternatively, 
the piezo-electric/electrostrictive elements 18a and 18b 
are directly and integrally formed into the substrate 16 
by a film forming method, instead of being attached to 

5 the substrate 16. 

[0026] The piezo-electric/electrostrictive elements 
18a and 18b respectively include a piezo-electric/elec- 
trostrictive layer 22, and a pair of electrodes 24 and 26 
formed on both sides of the piezo-electric/electrostric- 

io tive layer 22. Among the pair of electrodes 24 and 26, 
at least the electrodes 24 are formed on the pair of thin 
plate sections 12a and 12b. 

[0027] In the embodiment of the present invention, 
description is mainly made as to the case where the pi- 
ts ezo-electric/electrostrictive elements 18a and 18b have 
the following structure. That is, the pi ezo-electric/elec- 
trostrictive layer 22, and the pair of electrodes 24 and 
26 respectively have a multilayered structure. The elec- 
trodes 24 and the electrodes 26 are alternately laminat- 

20 ed to each other in such a manner that the cross-section 
of the laminated electrodes 24 and 26 is substantially in 
the form of comb. The portion where the electrodes 24 
and the electrodes 26 overlap each other in the state of 
interposing the piezo-electric/electrostrictive layer 22 

25 therebetween has a multistage structure. However, the 
structure of the piezo-electric/electrostrictive layer 22 
and the pair of electrodes 24 and 26 is not limited to the 
multilayered structure, but may be a single-layered 
structure. The number of the layers is not specifically 

30 limited, and ten layers or smaller is preferable, and five 
layers or smaller is more preferable. In addition, only 
one of the piezo-electric/electrostrictive layer 18a or 18b 
may be formed. The number of the layers of the piezo- 
electric/electros trictive layer 22, and the electrodes 24 

35 and 26 may be different from each other. 

[0028] Fig. 1 shows the case where the piezo-electric/ 
electrostrictive layer 22 has a three-layered structure. 
The electrodes 24 is formed into a shape of comb so as 
to be positioned under the lower surface of the first layer 

40 of the piezo-electric/electrostrictive layer 22 (i.e. on the 
side surface of the thin plate sections 12a and 12b) and 
on the upper surface of the second layer thereof. The 
other electrodes 26 is formed into a shape of comb so 
as to be positioned on the upper surface of the first layer 

45 of the piezo-electric/electrostrictive layer 22, and on the 
upper surface of the third layer thereof. In this structure, 
since the electrodes 24 and the other electrodes 26 are 
respectively connected to each other into common elec- 
trodes, the number of the terminals 28 and 30 can be 

50 decreased. In this manner, upsizing of the piezo-elec- 
tric/electrostatic elements 18a and 18b can be sup- 
pressed even though they are formed in a multilayered 
structure. 

[0029] The application of voltage to the pair of elec- 
55 trades 24 and 26 is conducted through the terminals (i. 
e. pads) 28 and 30 which are formed on the electrodes 
24 and 26 located at the position above the side surfac- 
es of the fixing section 14 (i.e. surfaces on which the 
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piezo-electric/electrostrictive elements are formed). 
The terminals 28 and 30 are formed so that the terminal 
28 corresponding to the electrodes 24 is located at the 
position close to the bottom end of the fixing setionl4, 
and the terminal 30 at the outer space side correspond- 
ing to the electrodes 26 is located at the position close 
to the inner wall of the fixing section 14. 
[0030] In this case, the fixation of the piezo-electric/ 
electrostrictive device 10 can be conducted using its 
surfaces other than the surfaces on which the terminals 
28 and 30 are formed. As a result, high reliability can be 
attained for both the fixation of the piezo-electric/elec- 
trostrictive device 10, and the electric connection be- 
tween the circuits and the terminals 28 and 30. In this 
structure, the terminals 28 and 30 are electrically con- 
nected to the circuits by flexible printing circuit (also re- 
ferred to as F PC), flexible flat cable (also referred to as 
FFC), wire bonding and the like. 

[0031 ] By use of the piezo-electric/electrostrictive el- 
ements 18a and 18b having a multiiayered structure, the 
driving force of the actuators 19a and 19b is increased, 
and large displacement is attained accordingly. In addi- 
tion, the rigidity of the piezo-electric/electrostrictive de- 
vice 10 itself is also increased, and high resonance fre- 
quency is attained accordingly thereby easily speeding- 
up the displacement movement 

[0032] As the actuators 19a and 19b have an in- 
creased number of stages, their driving force increases; 
however, consumption of the electric power also in- 
creases accordingly. Therefore, when the present in- 
vention is carried out, the number of stages of the actu- 
ators 19a and 19b and the like may be determined in 
accordance with the application and use conditions of 
the piezo-electric/electrostrictive device. In the piezo- 
electric/electrostrictive device 10 according to this em- 
bodiment, by use of the piezo-electric/electrostrictive el- 
ements 18a and 18b, the width (i.e. the distance in the 
direction of Y axis) of the thin plate sections 12a and 
12b basically remains unchanged even if the driving 
force of the actuators 19a and 19b are increased. Thus- 
structured piezo-electric/electrostrictive device 10 is 
much preferable for use in an actuator for positioning a 
magnetic head for hard disk and ringing control which 
is used in a space with an extremely small width. 
[0033] Next, the movement of the piezo-electric/elec- 
trostrictive device 1 0 will be described referring to Fig. 2. 
[0034] When the two piezo-electric/electrostrictive el- 
ements 18a and 18b are in a natural state, that is, the 
piezo-electric/electrostrictive elements 18a and 18b do 
not perform a displacement movement, the longitudinal 
axis m of the piezo-electric/electrostrictive device 10 
substantially coincides with the central axis of the fixing 
section 14. 

[0035] In this state, a sine wave Wa having a specified 
bias electric potential Vb is applied to the pair of elec- 
trodes 24 and 26 of the piezo-electric/electrostrictive el- 
ements 18a. On the other hand, a sine wave Wb having 
a phase different from the sine wave Wa by substantially 



180° is applied to the pair of electrodes 24 and 26 of the 
other piezo-electric/electrostrictive element 18b. 
[0036] At a stage where, for example, a voltage at a 
maximum value is applied to the pair of electrodes 24 

5 and 26 of the piezo-electric/electrostrictive element 18a, 
the piezo-electric/electrostrictive layer 22 of the piezo- 
electric/electrpstrictive layer 22 displaces to shrink in a 
direction toward its major surface. As shown in Fig. 2, a 
stress is applied to the thin plate section 12a in such a 

10 direction as to cause the thin plate section 12a to be- 
come warped toward, for example, a right direction as 
shown by an arrow A, and as a result, the thin plate sec- 
tion 12a is warped toward a right direction. At this time, 
since no voltage is applied to the pair of electrodes 24 

*5 and 26 of the other piezo-electric/electrostrictive ele- 
ment 18b, the thin plate section 12b follows the warpage 
of the thin plate section 12a and is also warped toward 
a right direction. As a result, the movable sections 20a 
and 20b, and the spacer 37 displace toward, for exam- 

20 pie, a right direction with respect to the longitudinal axis 
m of the piezo-electric/electrostrictive device 1 0b. The 
amount of displacement varies in accordance with the 
maximum value of the voltage applied to the piezo-elec- 
tric/electrostrictive elements 18a and 18b. For example, 

25 as the maximum value of the voltage increases, the 
amount of displacement becomes larger. 
[0037] In the case where a piezo-electric/electrostric- 
tive material having high coercive electric field is em- 
ployed as a material of the piezo-electric/electrostrictive 

30 layer 22, the bias electric potential may be adjusted so 
that the minimum values of the sine waves Wa and Wb 
are at slightly negative levels. In this case, either one of 
the piezo-electric/electrostrictive elements to which the 
sine wave Wa or Wb at a slightly negative level is applied 

35 (for example, the piezo-electric/electrostrictive element 
18b) is driven, and a stress in the same direction as the 
direction of warpage of the thin plate section 12a is ap- 
plied to the thin plate section 1 2b. As a result, it becomes 
possible to further increase the amount of displacement 

40 of the movable sections 20a and 20b, and the spacer 
37. That is, the employment of the waveform such as 
described above makes it possible that the piezo-elec- 
tric/electrostrictive elements 18b or 18a to which the 
sine wave at a negative level is applied supports the 

45 function of the piezo-electric/electrostrictive elements 
18a or 18b which plays a main role of the displacement 
movement . 

[0038] As described above, in the piezo-electric/elec- 
trostrictive device 1 0 according to an embodiment of the 

50 present invention, a small displacement of the piezo- 
electric/electrostrictive elements 18a and 18b is ampli- 
fied into a large displacement movement by use of the 
warpage of the thin plate sections 12a and 12b, and then 
is transmitted to the movable sections 20a and 20b. In 

55 this manner, the movable sections 20a and 20b can be 
largely displaced with respect to the longitudinal axis m 
of the piezo-electric/electrostrictive device 1 0b. 
[0039] Particularly, in this embodiment, the movable 
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sections 20a and 20b are formed with attachment sur- 
faces 34a and 34b in an opposed relation to each other. 
The distance Lc between the attachment surfaces 34a 
and 34b is set at a value about 1 .5 times longer than the 
length Df of the movable sections 20a and 20b. In addi- 
tion, a large spacer 37 is attached between the attach- 
ment surfaces 34a and 34b via an adhesive 38. In this 
case, the attachment surfaces 34a and 34b in an op- 
posed relation to each other are spaced from each other, 
or a spacer 37 having a weight smaller than the constit- 
uent elements of the movable sections 20a and 20b is 
interposed between the attachment surfaces 34a and 
34b in an opposed relation to each other. In this manner, 
weight reduction of the movable sections 20a and 20b 
can be effectively achieved, and the resonance frequen- 
cy can be increased without lowering the displacement 
amount of the movable sections 20a and 20b. 
[0040] In this embodiment, the term "frequency" 
means a frequency of the waveform of voltage obtained 
when the voltage applied to the pair of electrodes 24 
and 26 is alternately switched, and the movable sections 
20a and 20b are displaced in left and right directions. 
The term "resonance frequency" means a maximum fre- 
quency at which the movable sections 20a and 20b can 
manage to displace in a specified vibration mode. 
[0041] In the piezo-electric/electrostrictive device 10 
according to the embodiment of the present invention, 
the movable sections 20a and 20b, the thin plate sec- 
tions 12a and 12b, and the fixing section 14 are integral- 
ly formed into one-piece unit. All of them are not required 
to be made of a piezo-electric/electrostrictive material, 
which is a material relatively heavy in weight. The piezo- 
electric/electrostrictive device with this structure 10 has 
high mechanical strength, excellent handling character- 
istics, high impact resistance and moisture resistance, 
and is hard to be influenced by a vibration harmful for 
its operation (for example, a residual vibration in high- 
speed operation and a vibration generated by a noise). 
[0042] Furthermore, in this embodiment of the 
present invention, in the case where the attachment sur- 
faces 34a and 34 b in an opposed relation to each other 
are spaced, the movable section 20a including the at- 
tachment surface 34a and the movable section 20b in- 
cluding the attachment surface 34b can be easily 
warped, and become resistant to deformation. This 
structure gives excellent handling characteristics to the 
piezo-electric/electrostricti ve device 1 0. 
[0043] Due to the presence of the attachment surfac- 
es 34a and 34b in an opposed relation, the movable sec- 
tions 20a and 20b respectively have a large surface ar- 
ea. When another member is attached to the movable 
sections 20a and 20b, large area can be used for attach- 
ing the member, thereby firmly attaching the member. 
When taking into consideration the case where a mem- 
ber is attached with an adhesive for example, the mem- 
ber is attached through not only the major surfaces of 
the movable sections 20a and 20b but also the attach- 
ment surface 34a and 34b in an opposed relation. In this 



manner, the member can be firmly attached. 
[0044] In this embodiment of the present invention, 
the piezo-electric/electrostrictive elements 18a and 18b 
are formed with the piezo-electric/electrostrictive layer 

5 22, and the pair of electrodes 24 and 26 which interpos- 
es the piezo-electric/electrostrictive layer 22 therebe- 
tween. Among the pair of electrodes 24 and 26, the elec- 
trode 24 is directly formed at least on the side surface 
of the thin plate sections 12a and 12b. In this manner, 

10 the vibration generated by the piezo-electric/electros- 
trictive elements 18a and 18b can be efficiently trans- 
mitted to the movable sections 20a and 20b through the 
thin plate sections 12a and 12b. As a result, response- 
ness is enhanced. 

15 [0045] In this embodiment of the present invention, as 
shown in Fig. 1 for example, the portion in which the pair 
of electrodes 24 and 26 overlap each other in the state 
of interposing the piezo-electric/electrostrictive layer 22 
therebetween (i.e. a substantial driving portion 40) is 

20 continuously formed starting from a part of the fixing 
section 14 to a part of the thin plate sections 12a and 
12b. If the substantial driving portion 40 is so construct- 
ed as to extend to reach a part of the movable sections 
20a and 20b, there may be the possibility that the dis- 

25 placement movement of the movable sections 20a and 
20b counteracts the deformation of the substantial driv- 
ing portion 40 and the deformation of the thin plate sec- 
tions 12a and 12b, and large displacement cannot be 
attained. Contrarily, in this embodiment, the substantial 

30 driving portion 40 is so constructed as not to extend to 
reach the movable sections 20a and 20b, but to cover 
only the fixing section 14. This structure avoids a disad- 
vantage that the displacement movement of the mova- 
ble sections 20a and 20b is limited, thereby increasing 

35 the displacement amount of the movable sections 20a 
and 20b. 

[0046] On the contrary, when the piezo-electric/elec- 
trostrictive elements 18a and 18b are formed on a part 
of the movable sections 20a and 20b, it is preferable 

40 that the substantial driving portion 40 is positioned in an 
area extending from a part of the movable sections 20a 
and 20b to a part of the thin plate sections 12a and 12b. 
This is because, if the substantial driving portion 40 is 
so constructed as to extend to reach a part of the fixing 

45 section 14, the displacement movement of the movable 
sections 20a and 20b is restricted, as has been de- 
scribed above. 

[0047] In the above-described embodiment, the mov- 
able sections 20a and 20b have the attachment surfac- 

50 es 34a and 34b respectively, and the spacer 37 is at- 
tachedly mounted therebetween. Alternatively, it is pos- 
sible to form end surfaces 34a and 34b in the fixing sec- 
tion 14. In this case, for example, the movable sections 
20a and 20b are integrally combined into one-piece unit 

55 . at the top end of the pair of thin plate sections 12a and 
12b, while the end surfaces 34a and 34b in an opposed 
relation to each other are formed in the fixing section 14. 
[0048] In this arrangement, the piezo-electric/elec- 
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trostrictive device lOc can be firmly fixed to a specified 
fixing position, and increased reliability can be obtained, 
on top of the advantages obtained in the case where the 
movable sections 20a and 20b respectively have the at- 
tachment surfaces 34a and 34b in an opposed relation 
to each other. The length of the substantial driving por- 
tion 40 is preferably 20 to 95 percent, and more prefer- 
ably 40 to 80 percent with respect to the length of the 
thin plate section 12a and 12b. 

[0049] When the recess has a rectangular shape, the 
filler to be provided therein may have shapes as shown 
in Fig. 3. In the embodiment shown in Fig. 1, the filler 
can be filled up to the opening of the recess having a 
rectangular shape. In the embodiment shown in Fig. 3 
(a), the filler is filled about halfway the recess, and the 
area near the opening is free from the filler. In this case, 
the filler in a specified amount is filled into the recess. 
The arrangement shown in Fig. 3(a) has an advantage 
that the end surface of the fillers can be made into the t 
same shape each other. If the recess has a hollow por- 
tion in which no filler is provided is formed at its bottom, 
the effect of dispersing the stress is not adversely af- 
fected. 

[0050] In the embodiment shown in Fig. 3(b), the filler 
is provided into the recess beyond the opening thereof. 
This arrangement is advantageous in the case where 
the filler has weak adhesion, because the filler can be 
attached inside the recess in a large area thereby in- 
creasing the adhesion of the entire filler. By forming the 
outer surface of the filler into R-shape, the filler can be 
more firmly fixed into the recess, and never peels off at 
its end portion. 

[0051] Alternatively, the filler formed into the shape as 
shown in Fig. 3(c) may be provided into the recess. In 
this case, the shape of the area between the thin plate 
section and the fixing section or the movable section as- 
sumes a step-like shape, that is, the area is occupied 
by the comer of the filler. This shape of filler is effective 
in, together with the physical properties of the filler, fur- 
ther reducing the concentration of stress onto the base 
portion of the thin plate sections. 

[0052] Next, a preferable example of the structure of 
the piezo-electric/electrostrictive device 10 according to 
the embodiment of the present invention will be de- 
scribed. 

[0053] In order to assure the displacement movement 
of the movable sections 20a and 20b, the distance Dg 
of the substantial driving portion 40 of the piezo-electric/ 
electrostrictive elements 18a and 18b which overlaps 
the movable sections 20a and 20b is preferably made 
to be 1/2 or larger the thickness Dd of the thin plate sec- 
tions 12a and 12b. 

[0054] Defining the distance between the inner walls 
of the thin plate sections 12a and 12b as Da (i.e. the 
distance in the direction of X axis), and the width of the 
thin plate sections 12a and 12b as Db (i.e. the distance 
in the direction of Y axis), the ratio of Da to Db (Da/Db) 
is made to fall within the range of 0.5 to 20, and prefer- 



ably 1 to 15, and more preferably 1 to 10. The ratio Da/ 
Db is a value determined based on the finding that, at 
this value, large amount of displacement of the movable 
sections 20a and 20b can be obtained, and the displace- 

5 ment within X-Z plane can be predominantly obtained. 
[0055] Defining the length between the thin plate sec- 
tions 12a and 12b (i.e. the distance in the direction of Z 
axis) as De, and the distance between the inner walls 
of the thin plate sections 12a and 12b as Da, the ratio 

10 of De to Da (De/Da) is preferably made to 0.5 to 10, and 
more preferably 0.5 to 5. The ratio De/Da is a value de- 
termined based on the finding that, at this value, large 
amount of displacement of the movable sections 20a 
and 20b interposing the spacer 37 therebetween can be 

15 obtained, and the displacement movement can be con- 
ducted at high resonance frequency (i.e. high response 
speed can be attained). 

[0056] In the embodiment of the present invention, in 
order that the piezo-electric/electrostrictive device 10 

20 has a structure in which the agitated displacement or 
vibration in the direction of Y axis is suppressed, and 
high responsiveness is achieved as well as large dis- 
placement at relatively low voltage, the ratio of Da/Db is 
preferably made to 0.5 to 20, and the ratio of De/Da is 

25 preferably made to 0.5 to 10, and more preferably, the 
ratio of Da/Db is made to 1 to 1 0, and the ratio of De/Da 
is made to 0.5 to 5. 

[0057] Furthermore, in the piezo-electric/electrostric- 
tive device 10, a hole section 42 is formed by the inner 

30 walls of the pair of thin plates 12 and 12b, the inner walls 
of the movable section 20a and 20b, and the inner wall 
of the spacer 37 (and the inner wall of the adhesive 38), 
and the inner wall of the fixing section 14. The hole sec- 
tion 42 is preferably filled with a gel material such as 

35 silicon gel. In a conventional case, the displacement 
movement of the movable sections 20a and 20b is usu- 
ally restricted by the presence of the filler. Contrarily, in 
the embodiment of the present invention, the weight of 
the movable sections 20a and 20b is reduced by forming 

40 the end surfaces 34a and 34b on the movable sections 
20a and 20b, and an increase in the amount of the dis- 
placement of the movable sections 20a and 20b is 
aimed. As a result, there is no restriction by the filler on 
the displacement movement of the movable sections 

45 20a and 20b, and the advantageous effect of the pres- 
ence of the filler, that is, high resonance frequency and 
high rigidity, is attained. 

[0058] The length Df of the movable sections 20a and 
20b (i.e. the distance in the direction of Z axis) as Df is 

50 preferably short. By using the movable sections 20a and 
20b short in length, the weight of the device can be re- 
duced, and the resonance frequency can be increased. 
In addition, the displacement can be enhanced when an 
article is held. However, in order to give high rigidity in 

55 the direction of X axis to the thin plate sections 12a and 
12b, and to ensure their proper displacement, the ratio 
of the length Df of the movable sections 20a and 20b 
with respect to their thickness Dd is made to 2 or larger, 
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and preferably 5 or larger. 

[0059] The actual size of each member is decided tak- 
ing into consideration the attachment area between the 
movable sections 20a and 20b and another member at- 
tached thereto, the attachment area between the fixing 5 
section 14 and another member attached thereto, the 
attachment area between the terminals for electrodes 
and the device, the strength, durability, and required 
amount of displacement, resonance frequency of the 
entire piezo-electric/electrostrictive device 10, the driv- 
ing voltage, and the like. 

[0060] Specifically, the distance Da between the inner 
walls of the thin plate sections 12a and 12b is preferably 
made to 100 to 2000 \um f and more preferably 200 to 
1600 urn. The width Db of the thin plate sections 12a 
and 12b is preferably 50 to 2000 firn, and more prefer- 
ably 100 to 500 \im. The thickness Dd of the thin plate 
sections 12a and 12b is made to be smaller than the 
width Db of the thin plate sections 12a and 12b, that is, 
to satisfy the relationship of Db>Dd in order that the ag- 
itated displacement, which is a displacement compo- 
nent in the direction of Y axis, can be effectively sup- 
pressed, and is preferably made to 2 to 100 urn, and 
more preferably 10 to 80 pm. 

[0061] The length De of the thin plate sections 12a 
and 12b is preferably made to 200 to 3000 [im, and more 
preferably 300 to 2000 ^m. The length Df of the movable 
sections 20a and 20b is preferably made to 50 to 2000 
jim, and more preferably 100 to 1000 pm, and much 
more preferably 200 to 600 p.m. 

[0062] By employing the structure described above, 
the displacement in the direction of Y axis never ex- 
ceeds 1 0 percent with respect to the displacement in the 
direction of X axis, while the drive at a low voltage is 
possible and the displacement component in the direc- 
tion of Y axis can be suppressed to 5 percent or lower 
by properly adjusting the size of each member so that 
the actual sizes satisfies the size ratios described 
above. Specifically, the movable sections 20a and 20b 
are displaced in the direction of substantially one axis, 
that is, X axis. In addition, high responsiveness is at- 
tained and large displacement can be obtained at rela- 
tively low voltage. 

[0063] In the piezo-electric/electrostrictive device 10, 
the movable sections 20a and 20b, and the fixing sec- 
tion 14 assume a rectangular shape, unlike the plate- 
like shape as of a conventional device (where the thick- 
ness in the direction perpendicular to the displacement 
direction is small). In addition, the thin plate sections 12a 
and 12b are provided in such a manner that the movable 
sections 20a and 20b are successive with the side sur- 
face of the fixing section 14. As a result, the rigidity of 
the piezo-electric/etectrostrictive device 10 in the direc- 
tion of Y axis can be selectively increased. 
Specifically, in the piezo-electric/electrostrictive device 
10 having a size constitution as described above, the 
movable sections 20a and 20b alone can be selectively 
moved within a plane (i.e. within a XZ plane), while sup- 



pressing the movement of the movable sections 20a 
and 20b in a YZ plane (that is, the movement in the ag- 
itated direction). 

[0064] Next, each constituent element of the piezo- 
electric/electrostrictive device 10 according to the em- 
bodiment of the present invention will be described. 
[0065] As described above, the movable sections 20a 
and 20b move based on the driving amount of the thin 
plate sections 12a and 12b, and have various members 
in accordance of the intended use of the piezo-electric/ 
electrostrictive device 10. For example, when the piezo- 
electric/electrostrictive device 10 is used as a displace- 
ment element, a screening plate for shutting out light is 
mounted. Particularly, when the piezo-electric/electros- 
trictive device 1 0 is used for positioning a magnetic head 
of hard disk drive or a ringing suppressing mechanism, 
a member required for positioning such as a magnetic 
head, a slider having a magnetic head, a suspension 
having a slider and the like is mounted. 
[0066] As described above, the fixing section 14 sup- 
ports the thin plate sections 12a and 12b, and the mov- 
able sections 20a and 20b. When the piezo-electric/ 
electrostrictive device 10 is used for positioning the 
magnetic head of the hard disk drive, the entire piezo- 
electric/electrostrictive device 10 is firmly fixed by sup- 
portedly fixing the fixing section 14 to a carriage arm 
attached to a voice coil motor (VCM), a fixing plate or a 
suspension attached to the carriage arm. In some cas- 
es, to the fixing section 14, terminals 28 and 30 or other 
members for driving the piezo-electric/electrostrictive 
elements 18a and 18b may be provided. 
[0067] As a material for constituting the movable sec- 
tions 20a and 20b, and the fixing section 14, any mate- 
rial may be employed as far as it has rigidity. Preferable 
is ceramics which enables the employment of a ceram- 
ics green sheet laminating method. Examples of the ma- 
terial include materials containing zirconia such as sta- 
bilized zirconia and partially stabilized zirconia, alumina, 
magnesia, silicon nitride, aluminum nitride, titanium ox- 
ide, and a mixture thereof as a main component. Among 
them, a material containing zirconia, and especially a 
material containing stabilized zirconia and a material 
containing a partially stabilized zirconia a main compo- 
nent are preferable, because they exhibit high mechan- 
ical strength and high toughness. 

[0068] As described above, the thin plate sections 
12a and 1 2b are driven by the displacement of the piezo- 
electric/electrostrictive elements 18a and 18b. The thin 
plate sections 12a and 12b are members in the form of 
thin plate having a flexibility. The thin plate sections 12a 
and 1 2b amplify the shrinking displacement of the piezo- 
electric/electrostrictive elements 18a and 18b provided 
on the surface thereof into a flexion displacement, and 
transmits the flexion displacement into the movable sec- 
tions 20a and 20b. The shape and material of the thin 
plate sections 12a and 12b are not specifically limited 
as far as they have flexibility and a mechanical strength 
to the extent that they are not damaged by the flexion 
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deformity, and are properly determined taking into con- 
sideration the responsiveness and operability of the 
movable sections 20a and 20b. 

[0069] The thickness Dd of the thin plate sections 1 2a 
and 12b is preferably made to 2 to 100 pm.and the thick- 
ness of the thin plate sections 12a and 12b, and the pi- 
ezo-electric/electrostrictive elements 18a and 18b in 
combination is preferably made to 7 to 500 um. The 
thickness of the electrodes 24 and 26 is preferably 0.1 
to 50 pm, and the thickness of the piezo-electric/elec- 
trostrictive layer 22 is preferably made to 3 to 300 |xm 
[0070] As a material for constituting the thin plate sec- 
tions 12a and 1 2b, the same kinds of ceramics as those 
used for the movable sections 20a and 20b and the fix- 
ing section 14 is preferably used. Among them, the most 
preferable is a material containing stabilized zirconia as 
a main component and a material containing a partially 
stabilized zirconia, because they exhibit high mechani- 
cal strength and high toughness even if they are made 
into a plate thin in thickness, and has a small response- 
ness with the materials of the piezo-electric/electrostric- 
tive layer and electrodes. 

[0071 ] The zirconia is preferably stabilized or partially 
stabilized in the following manner. That is, as a com- 
pound for stabilizing or partially stabilizing the zirconia, 
there are yttrium oxide, ytterbium oxide, cerium oxide, 
calcium oxide, and magnesium oxide. At least one of 
them is added and contained into the zirconia, or two or 
more of them in combination is added to the zirconia, 
thereby obtaining the aimed stabilized or partially stabi- 
lized zirconia. 

[0072] The addition amount of the respective com- 
pound is, in the case of yttrium oxide and ytterbium ox- 
ide, 1 to 30 mole percent, and preferably 1.5 to 10 mole 
percent. In the case of cerium oxide, 6 to 50 mole per- 
cent, and preferably 8 to 20 mole percent. In the case 
of calcium oxide and magnesium oxide, 5 to 40 mole 
percent, and preferably 5 to 20 mole percent. Among 
them, it is preferable to use yttrium oxide as a stabilizer. 
In this case, the addition amount of the yttrium oxide is 
1.5 to 10 mole percent, and more preferably 2 to 4 mole 
percent. It is also possible to add, as an additives such 
as a sintering assistant, alumina, silica, and transition 
metal oxides in an amount ranging from 0.05 to 20 
weight percent. When the piezo-electric/electrostrictive 
elements 18a and 18b are formed by a film formation 
method where green sheets are sintered to be integrat- 
ed into one-piece unit, it is also preferable to add an ad- 
ditives such as alumina, magnesia, and transition metal 
oxides. 

[0073] In order to obtain high mechanical strength and 
stabilized crystal phase, the average particle diameter 
of the zirconia crystals is preferably made to 0.05 to 3 
Hm, and more preferably 0.05 to 1 In addition, as 
described above, the thin plate sections 12a and 12b 
may be constituted by the same type of ceramics as that 
used for the movable sections 20a and 20b and the fix- 
ing section 14. Preferably, it is advantageous to use one 



and the same material for all the thin plate sections 12a 
and 12b, the movable sections 20a and 20b, and the 
fixing section 14, in order to attain high reliability at the 
connection areas therebetween, to give high strength to 
5 the piezo-electric/electrostrictive device 10, and to pre- 
vent the production of the device from being complicat- 
ed. 

[0074] The piezo-electric/electrostrictive elements 
18a and 18b at least have the piezo-electric/electros- 

10 trictive layer 22, and the pair of electrodes 24 and 26 for 
applying an electric field to the piezo-electric/electros- 
trictive layer 22. As the piezo-electric/electrostrictive el- 
ements 18a and 18b, a piezo-electric/electrostrictive el- 
ement of unimorph-type, bimorph-type and the like may 

15 be used. Among them, the unimorph-type element is 
more suitable for use in the piezo-electric/electrostric- 
tive device 10, because, in combination with the thin 
plate sections 1 2a and 12b, the unimorph-type element 
has higher ability of stabilizing the amount of generated 

20 displacement and is advantageous in reducing the 
weight of the device. 

[0075] It is preferable that, as shown in Fig. 1 , the pi- 
ezo-electric/electrostrictive elements 18a and 18b are 
formed at the side surface of the thin plate sections 12a 
25 and 1 2b. This structure is preferable in that the thin plate 
sections 12a and 12b can produce larger displacement 
movement. 

[0076] As a material of the piezo-electric/electrostric- 
tive layer 22, piezo-electric ceramics is preferably used. 

30 Alternatively, it is also possible to use electrostrictive ce- 
ramics, ferroelectric ceramics, or antiferroelectric ce- 
ramics. When the piezo-electric/electrostrictive device 
10 is used for positioning a magnetic head of hard disk 
drive and the like, it is important to keep the linearity 

35 between the displacement amount of the movable sec- 
tions 20a and 20b, and the driving voltage or output volt- 
age. For this reason, it is preferable to use a material 
having a small strain history, as well as having a coer- 
cive electric field of 10kV/mm or smaller. 

40 [0077] Specific example of the piezo-electric/elec- 
trostrictive layer 22 are ceramics containing lead zirco- 
nate, lead titanate, magnesium lead niobate, nickel lead 
niobate, zinc lead niobate, manganese lead niobate, an- 
timony lead stannate, manganese lead tungstate, cobalt 

45 lead niobate, barium titanate, sodium tinanate bismuth, 
potassium-sodium niobate, srontium tantalate bismuth, 
and the like alone or in combination thereof. 
[0078] Among them, preferable are ceramics contain- 
ing lead zirconate, lead titanate, and magnesium lead 

50 niobate as a main component, and ceramics containing 
sodium titanate bismuth as a main component. This is 
because these ceramics have high electromechanical 
coupling factor and piezoelectric constant, and exhibit 
small reactivity with the thin-plate sections (ceramics) 

55 12a and 12b when calcined to form piezo-electric/elec- 
trostrictive layer 22. In addition, the resultant piezo-elec- 
tric/electrostrictive layer 22 has stable composition. 
[0079] It is also possible to use ceramics containing, 



9 



17 



EP 1 089 359 A2 



18 



on top of the above-described components, oxides of 
lanthanum, calcium, strontium, molybudenum, tung- 
sten, barium, niobium, zinc, nickel, manganese, cerium, 
cadmium, chromium, cobalt, antimony, iron, yttrium, 
tantalum, lithium, bismuth, tin and the like alone or in 
combination thereof. 

[0080] For example, by adding lanthanum and stron- 
tium to lead zirconate, lead titanate, and lead niobate 
which are main components of the zirconia, there are 
advantages in some cases that the coercive electric field 
and piezo-electric characteristics become controllable. 
[0081] It is preferable to avoid the use of material lia- 
ble to vitrification such as silica. This is because the ma- 
terial such as silica easily reacts with the material of pi- 
ezo-electric/electrostrictive layer 22 during the heat 
treatment thereof. As a result of the reaction with the 
silica, the composition of the piezo-electric/electrostric- 
tive layer 22 is fluctuated and the piezo-electric charac- 
teristics thereof is impaired. 

[0082] The pair of electrodes 24 and 26 formed in the 
piezo-electric/electrostrictive elements 18a and 18b is 
preferably constituted by a metal which is in a solid state 
at a room temperature and has high conductivity. Exam- 
ples of such metals include aluminum, titanium, chromi- 
um, iron, cobalt, nickel, copper, zinc, niobium, molybde- 
num, ruthenium, palladium, rhodium, silver, tin, tanta- 
lum, tungsten, iridium, platinum, gold, lead, and alloys 
thereof. Alternatively, it is also possible to use a cermet 
material in which the material same or different from the 
material used for the piezo-electric/electrostrictive layer 
22 or the material used for the thin plate sections 12a 
and 12b is dispersed. 

[0083] The material of the electrodes 24 and 26 
formed in the piezo-electric/electrostrictive elements 
18a and 18b is decided depending on the method for 
forming the piezo-electric/electrostrictive layer 22. For 
example, when the electrode 24 is formed on the thin 
plate sections 12a and 12b, and after that the piezo- 
electric/electrostrictive layer 22 is formed on the elec- 
trode 24 by sintering, it is required to use a high-melting 
point metal such as platinum, palladium, platinum-pal- 
ladium alloy, silver-palladium alloy the like. On the other 
hand, the electrode 26 which is formed on the piezo- 
electric/electrostrictive layer 22 as the outermost layer 
after the piezo-electric/electrostrictive layer 22 may be 
formed at low temperature, and therefore, may be main- 
ly made of a low-melting point metal such as aluminum, 
gold, silver and the like as a main component. 
[0084] The thickness of the electrodes 24 and 26 may 
be a considerably targe factor that deteriorates the dis- 
placement of the piezo-electric/electrostrictive elements 
18a and 18b. Therefore, as a material of the electrode 
formed after the formation of the piezo-electric/electros- 
trictive layer 22 by sintering, it is preferable to use an 
organometallic paste which forms a fine and thin film af- 
ter sintering, such as gold resinated paste, platinum res- 
tated paste, and silver reginated paste. 
[0085] The above embodiment has showed the case 



where the movable sections 20a and 20b integrally 
formed with the thin plate sections 12a and 12b at their 
top ends have a thickness larger than the thickness Dd 
of the thin plate sections 12a and 12b. Alternatively, the 

5 movable sections 20a and 20b may have a thickness 
substantially same as the thickness Dd of the thin plate 
sections 12a and 12b. With this arrangement, when an 
article is mounted to the movable sections 20a and 20b, 
the article having a size matching the distance between 

10 the thin plate sections 12a and 12b can be mounted in 
such a manner as to be interposed between the mova- 
ble sections 20a and 20b. tn this case, the adhesive re- 
gion (for example, the adhesive 38) used for mounting 
the article corresponds to the movable sections 20a and 

15 20b. 

[0086] This structure has further advantage as fol- 
lows. That is, the piezo-electric/electrostrictive device 
1 0 can be preferably used in various sensors such as 
ultrasonic sensors, acceleration sensors, angular veloc- 

20 ity sensors, impact sensors, mass sensors and the like. 
By properly adjusting the size of the article to be mount- 
ed in a space extending from the end surfaces 34a and 
34b to the thin plate sections 1 2a and 1 2b, the sensitivity 
of the sensor can be easily adjusted. 

25 [0087] Next, the piezo-electric/electrostrictive device 
10 according to second to fourth modification embodi- 
ments as preferable embodiments where the end sur- 
faces 34a and 34b are formed will be described referring 
to Fig. 4 and after. However, the present invention can 

30 be carried out with no problem even if no end surfaces 
34a and 34b are formed. 

[0088] In the second modification embodiment, the pi- 
ezo-electric/electrostrictive device 10a has substantial- 
ly the same structure as of the piezo-electric/electros- 
35 trictive device 10 described above, as shown in Fig. 4, 
except that the structures of the recess and the filler are 
different on the following points. 

[0089] The recesses 14a and 14b has a step-like 
structure, and the portion closer to the thin plate section 

40 has a larger depth. In this structure, the concentrated 
stress generated at the boundary between the thin plate 
sections, and the movable sections and the fixing por- 
tion can be dispersed more effectively. The portion of 
the recess larger in width greatly serves to absorb the 

45 impact and disperse the concentrated stress efficiently. 
[0090] Particularly, the electrode 26 located under the 
first layer is formed to substantially continue over the 
side surface of the thin plate sections 12a and 12b, the 
movable sections 20a and 20b to the fixing section 14. 

50 Then , a part of the electrodes 26 is separated at the side 
surface of the fixing portion 14 to form a slit 70. The slit 
70 is formed for the following purposes: 1) to prevent 
the actuator from driving at the bottom end portion 72 of 
the piezo-electric/electrostrictive elements 18a and 18b 

55 (i.e. the portion from the bottom end portion of the slit 
70 to the bottom end of the fixing section 14); 2) to sup- 
press the generation of short circuit at the end of the 
terminal 28; and 3) provide an electrode material under 
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the piezo-electric/electrostrictive layer 22 at the bottom 
end of the piezo-electric/electrostrictive elements 18a 
and 18b. If it is not preferable to form the slit 70, the slit 
70 is not necessarily formed and may be omitted. 
[0091] Fig. 5 shows the shape of the filler filled into 
the recess. In the embodiment shown in Fig. 5(a), the 
filler is filled about halfway the recess, and the area near 
the opening is free from the filler. If the recess has a 
hollow portion in which no filler is provided is formed at 
its bottom, the effect of dispersing the stress is not ad- 
versely affected. In the embodiment shown in Fig. 5(b), 
the filler is provided into the recess beyond the opening 
thereof. This arrangement is advantageous in the case 
where the filler has weak adhesion, because the filler 
can be attached inside the recess in a large area thereby 
increasing the adhesion of the entire filler. By forming 
the outer surface of the filler into R-shape, the filler can 
be more firmly fixed into the recess, and never peels off 
at its end portion. Fig. 5(c) shows the case where the 
filler is made of materials different from each other for 
the respective layers which form the recess together. It 
is preferable to determine the combination of the mate- 
rials so as to attain the effect of dispersing the stress 
upon properly selecting the physical properties of the 
materials such as degree of elasticity and porosity, and 
attachment to the constituent elements. 
[0092] The piezo-electric/electrostrictive device 10b 
according to the third modification embodiment has a 
structure in which, whereas the device shown in Fig. 4 
has the recess formed into the shape of two steps in its 
depth direction, the recess shown in Fig. 6 is formed into 
the tapered shape constituted by infinite multiple steps. 
The concentrated stress generated at a boundary be- 
tween the thin plate sections, and the movable sections 
and the fixing section can be effectively dispersed. The 
portion larger in width of the recess greatly serves to 
adsorb an impact, and allows the concentrated stress 
to disperse efficiently. 

[0093] Fig. 7 shows the shape of the filler to be filled 
into the recess. In the embodiment shown in Fig. 7(a), 
the filler is filled about halfway the recess, and the area 
near the opening is free from the filler. If the recess has 
a hollow portion in which no filler is provided at its bot- 
tom, the effect of dispersing the stress is not adversely 
affected. Contrarily, in the embodiment shown in Fig. 7 
(b), the filler is provided into the recess beyond the open- 
ing thereof. This arrangement is advantageous in the 
case where the filler has weak adhesion, because the 
filler can be attached inside the recess in a large area 
thereby increasing the adhesion of the entire filler. By 
forming the outer surface of the filler into R-shape, the 
filler can be more firmly fixed into the recess, and never 
peels off at its end portion. 

[0094] In the piezo-electric/electrostrictive device 10c 
according to the fourth modification embodiment, as 
shown in Fig. 8, the filler having a substantially uniform 
thickness is provided into the recess between the thin 
plate section, and the movable section and the fixing 



section. Such a filler is preferably formed at the same 
time that the thin plate sections are integrally formed 
with the movable section and the fixing section using 
ceramics as a material. The preferable material of the 
5 filler is a mixture of ceramics and high-melting point met- 
al or high-melting point metal. 

[0095] Next, the method for producing the piezo-elec- 
tric/electrostrictive device 10 will be described referring 
to Figs. 9 to 12. 

[0096] The piezo-electric/electrostrictive device 1 0 in- 
cludes constituent elements preferably made of ceram- 
ics. Among the constituent elements, the substrate 16 
except for the piezo-electric/electrostrictive elements 
1 8a and 1 8b, that is, the thin plate sections 1 2a and 1 2b, 
the fixing section 14, and the movable sections 20a and 
20b are preferably produced by a ceramic green sheet 
laminating method. On the other hand, the piezo-elec- 
tric/electrostrictive elements 18a and 18b, and the ter- 
minals 28 and 30 are preferably made by a film forma- 
tion method such as that employed for forming thin films 
and thick films. 

[0097] In the ceramics green sheet laminating method 
capable of integrally forming the members of the sub- 
strate 16 of the piezo-electric/electrostrictive device 10, 
there arises almost no change in the state of connec- 
tions between the members with the elapse of time. 
Therefore, this method is advantageous to attain high 
reliability at the connections between the members and 
has high rigidity. 

[0098] In addition, the production method described 
below is excellent in productivity and formability. There- 
fore, the piezo-electric/electrostrictive device 10 can be 
produced into a predetermined shape with high repro- 
ducibility in a short time. 

[0099] Hereinafter, the first method for producing the 
piezo-electric/electrostrictive device 10 according to the 
embodiment of the present invention will be described. 
Herein, definitions are made as follows. A laminated 
body obtained by laminating ceramic green sheets on 
top of each other is defined as a ceramic green sheet 
58 (for example, see Fig. 10). The ceramics green lam- 
inated body 58 is sintered and integrated into one-piece 
unit, and the resultant body is defined as a ceramic lam- 
inated body 60. From the ceramic laminated body 60, 
unnecessary portions are cut off and removed, and the 
resultant body including the movable sections 20a and 
20b, thin plate sections 12a and 12b, and the fixing sec- 
tion 14 as an integrated one-piece unit is defined as a 
ceramic substrate 16 (see Fig. 12). 
[0100] In this production method, a plurality of piezo- 
electric/electrostrictive devices 10 are arranged on one 
and the same substrate in its longitudinal and lateral di- 
rections. Finally, the ceramics laminated bodies 60 are 
cut off by the unit of chip to obtain a plurality of piezo- 
electric/electrostrictive devices 10 simultaneously in 
one step. However, in order to simplify the description, 
the production of only one piezo-electric/electrostrictive 
device 10 is shown. 
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[01 01 J First, into ceramics powder such as zirconia, a 
binder, a solvent, a dispersant, a plasticizer and the like 
are added and mixed to prepare a slurry. The slurry is 
subjected to degassing, and after that, is formed into a 
ceramic green sheet by a method such as a reverse 5 
coating method and doctor blade method. 
[01 02] The ceramic green sheet is processed into var- 
ious shapes and thicknesses as shown in Fig. 9 by a 
method such as blanking using a mold and laser 
processing. As a result, a plurality of ceramic green 
sheets for forming substrates are obtained. 
[0103] The details of the prepared ceramics green 
sheets 50A to 50D, 51 A and 51 B, 52A and 52B are as 
follows. A plurality of (for example, four) ceramic green 
sheet 50 A to SOD are formed with a window section 54 
for forming the hole section at least between the thin 
plate sections 12a and 12b. A plurality of (for example, 
seven) ceramic green sheets 102A to 102G are formed 
with a window section 54 for forming the hole section 
between the thin plate sections 12a and 12b, and a win- 
dow section 100 for forming the movable sections 20a 
and 20b with the end surfaces 34a and 34b in an op- 
posed relation to each other, and the window sections 
54 and 100 are joined into one window section. A plu- 
rality of (for example, two) ceramic green sheets 51 A 
and 51 B are formed with a window section 100a to be 
the recesses 14a and 14b. A plurality of (for example, 
two) ceramic green sheets 52A and 52 B to be the thin 
plate sections 12a and 12b are formed. 
[0104] After that, as shown in Fig. 10, the ceramic 
green sheets 50 A to 50 D, 51 A and 51 B, and 102 A to 
1 02G are interposed between the ceramic green sheets 
52A and 52 B, and then, these ceramics green sheets 
SOAto 50D, 51 A, 51 B, 52Aand 52B, and 102A to 102G 
are laminated and crimped to form a ceramic green lam- 
inated body 58. In laminating these green sheets, the 
ceramic green sheets 102A to 102G are positioned at 
the middle positions. Due to the presence of the window 
sections 100 and 100a, no pressure is applied to some 
sections of the green sheets in the step of crimping. In 
order to prevent sections to which no pressure is applied 
in the crimping from being created, it is necessary to al- 
ter the sequence of lamination and crimping. Then, the 
ceramic green laminated body 58 is sintered to obtain 
a ceramic laminated body 60 (see Fig. 11). 
[0105] The number of times and sequence of the 
crimping for laminating and integrating the green sheets 
into one piece unit are not specifically limited, and may 
be properly determined so that a ceramics laminated 
body in a desired structure can be obtained based on 
the structure of the ceramic green laminated body such 
as, for example, the shape of the window sections 54 
and the number of ceramic green sheets. 
[0106] It is not necessary that all the window sections 
54 have the same shape each other, and their shapes 
may be determined in accordance with a desired func- 
tion. In addition, the number of ceramic green sheet and 
the thickness of each green sheet are not specifically 



limited. 

[01 07] By crimping the ceramic green sheets through 
the application of heat, they can be more firmly laminat- 
ed. The lamination at the interfaces between the ceram- 
ic green sheets can be enhanced by applying ceramics 
powder (it is preferable that this ceramics powder has a 
composition same or similar to the ceramics used as a 
material of the ceramic green sheets in order to attain 
high reliability), a paste containing a binder as a main 
component, slurry and the like. When the ceramic green 
sheets 52A and 52 B are thin in thickness, it is preferable 
to handle them using a plastic film, and especially, pol- 
yethylene terephthalate film on which a silicone-based 
releasing agent is applied. 

[0108] Next, as shown in Fig. 11, piezo-electric/elec- 
trostrictive elements 18a and 18b are formed on both 
surfaces of the ceramic laminated body 60, that is, on 
the surfaces corresponding to the surfaces on which the 
ceramic green sheets 52A and 52B are laminated. As a 
method for forming the piezo-electric/electrostrictive el- 
ements 18a and 18b, thick film formation methods such 
as screen printing, dipping, coating, and electrophore- 
sis, and thin film forming methods such as ion beam, 
sputtering, vacuum deposition, ion plating, chemical va- 
por deposit (CVD), and plating may be employed. 
[0109] By employing the film formation method such 
as describe above, the piezo-electric/electrostrictive el- 
ements 18a and 18b are integrally formed with the thin 
plate sections 12a and 12b without using an adhesive. 
As a result, high reliability and high reproducibility are 
attained, and the piezo-electric/electrostrictive ele- 
ments 18a and 18b can be easily integrally formed with 
the thin plate sections 12a and 12b. 
[01 10] In this case, it is preferable to employ the thick 
film formation method for forming the piezo-electric/ 
electrostrictive elements 18a and 18b. The thick film for- 
mation method is especially advantageous in forming 
the piezo-electric/electrostrictive layer 22. In this case, 
a green sheet can be formed using a paste, slurry, sus- 
pension, or emulsion containing piezo-electric ceramic 
particles and powder having an average particle diam- 
eter of 0.01 to 5 and preferably 0.05 to 3 urn can be 
used. By sintering the green sheet, a layer with excellent 
piezo-electric/electrostrictive characteristics can be ob- 
tained. 

[0111] The electrophoresis is advantageous in that it 
forms a layer with high density and high precision of 
shape. The screening print can conduct the film forma- 
tion and pattern formation simultaneously, and there- 
fore, is advantageous in simplifying the production. 
[0112] The formation of the piezo-electric/electros- 
trictive elements 18a and 18b will be specifically de- 
scribed. First, the ceramic green laminated body 58 is 
sintered and integrated at a temperature of 1200 to 
1600°C to obtain the ceramic laminated body 60. Next, 
the first electrodes 24 of the thin plate sections 12a and 
1 2b is printed at a predetermined position on both sur- 
faces of the ceramic laminated body 60, and then is sin- 
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tered. Then, the piezo-electric/electrostrictive layer 22 
is printed and is sintered. After that, the other electrodes 
26 which pair up with the electrodes 24 are printed and 
sintered. These steps are repeated in predetermined 
number of times (if the piezo-electric/electrostrictive el- 5 
ements 18a and 18b are constituted by a multilayered 
piezo-electric/electrostrictive layer 22), and as a result, 
the piezo-electric/electrostrictive elements 18a and 18b 
are formed. After that, terminals 28 and 30 for electri- 
cally connecting the electrodes 24 and 26 to the driving 
circuit are printed and sintered. 

[0113] Alternatively, the first electrodes 24 in the bot- 
tom layer are printed and sintered. Then, the piezo-elec- 
tric/electrostrictive layer 22, and the other electrodes 26 
which pair up with the electrodes 24 are printed and sin- 
tered. The printing and sintering steps are repeated in 
this order in predetermined number of times to obtain 
the piezo-electric/electrostrictive elements 1 8a and 18b. 
[01 14] By selecting the materials of members in such 
a manner that the sintering temperatures become grad- 
ually lower in accordance with the order of lamination, 
for example, platinum (Pt) for the electrodes 24, lead zir- 
conate titanate (PZT) for the piezo-electric/electrostric- 
tive layer 22, gold (Au) for the electrodes 26, and silver 
(Ag) for the terminals 28 and 30, the material which has 
been already sintered is not sintered again at a certain 
sintering stage. In this manner, the trouble such as peel- 
ing and coagulation of the electrode materials and the 
like can be avoided. 

[0115] It is also possible to sequentially print the mem- 
bers of the piezo-electric/electrostrictive elements 18a 
and 18b and the terminals 28 and 30, and to sinter and 
integrate them at a time by selecting proper materials. 
In addition, after forming the piezo-electric/electrostric- 
tive layer 22 which is the outermost layer, the electrodes 
26 on the outermost layer can be formed at a low tem- 
perature. 

[01 1 6] The members of the piezo-electric/electrostric- 
tive elements 18a and 18b, and the terminals 28 and 30 
may be formed by a thin film formation method such as 
sputtering and deposition. In this case, heat treatment 
is not necessarily conducted. 

[01 17] In the formation of the piezo-electric/electros- 
trictive elements 18a and 18b, it is also preferably con- 
ducted that the piezo-electric/electrostrictive elements 
18a and 18b are formed beforehand on both surfaces 
of the ceramic green laminated body 58, that is, on the 
surfaces of the ceramic green sheets 52A and 52B, and 
the ceramic green laminated body 58 and the piezo- 
electric/electros trictive elements 18a and 18b are simul- 
taneously sintered. As to the simultaneous sintering, all 
the films constituting the ceramic green laminated body 
58 and the piezo-electric/electrostrictive elements 18a 
and 18b may be sintered. It is also possible to simulta- 
neously sinter the electrodes 24 and the ceramic green 
laminated body 58, or to simultaneously sinter all the 
film constituting the members except for the electrodes 
26 and the ceramic green laminated body 58. 



[0118] The piezo-electric/electrostrictive elements 
18a and 18b and the ceramic green laminate body 58 
may be simultaneously sintered by the following steps. 
First, a precursor of the piezo-electric/electrostrictive 
layer 22 is formed by a tape forming method using a 
slurry raw material. The precursor of the piezo-electric/ 
electrostrictive layer 22 before sintering is laminated on 
the surface of the ceramic green laminated body 58 by 
a method such as heat deposition, and at the same time, 
is sintered to simultaneously form the movable sections 
20a and 20b, the thin plate sections 12a and 12b, the 
piezo-electric/electrostrictive layer 22, and the fixing 
section 14. In this method, however, it is necessary to 
form the electrodes 24 on the surface of the ceramic 
green laminated body 58 and/or the piezo-electric/elec- 
trostrictive layer 22 beforehand. 

[0119] Alternatively, different steps from the above 
may be employed for simultaneously sintering the pie- 
zo-electric/electrostrictive elements 18a and 18b and 
the ceramic green laminate body 58. That is, the elec- 
trodes 24 and 26, and piezo-electric/electrostrictive lay- 
er 22, which are constituent elements of the piezo-elec- 
tric/electrostrictive elements 18a and 18b, are formed 
on the ceramic green laminated body 58 at the positions 
which are finally the thin plate sections 12a and 12b, 
and are sintered simultaneously. 
[0120] The temperature employed for sintering the 
constituent elements of the piezo-electric/electrostric- 
tive elements 18a and 18b is determined in accordance 
with the material of the constituent elements. In general, 
the temperature is 500 to 1500°C, and as to the piezo- 
electric/electrostrictive layer 22 preferably 1000 to 
1400°C. In this case, in order to control the composition 
of the piezo-electric/electrostrictive layer 22, the mate- 
rial thereof is preferably calcined in the presence of the 
evaporation source. When the piezo-electric/electros- 
trictive layer 22 and the ceramic green laminated body 
58 are sintered simultaneously, it is necessary to sinter 
them under the same conditions. The piezo-electric/ 
electrostrictive elements 18a and 18b are not necessar- 
ily formed on both surfaces of the ceramic laminated 
body 60 or the ceramic green laminated body 58, and 
may be formed only one of the surfaces thereof. 
[0121] Next, the ceramic laminated body 60 on which 
the piezo-electric/electrostrictive elements 18a and 18b 
are formed is cut along the cutting lines C1 , C2, and C5 
to remove the side portions and the top ends of the ce- 
ramic laminated body 60. By cutting the ceramic lami- 
nated body 60, as shown in Fig. 12, the piezo-electric/ 
electrostrictive device 1 0 is obtained where the ceramic 
substrate 16 includes the piezo-electric/electrostrictive 
elements 18a and 18b, and movable sections 20a and 
20b having the end surfaces 34a and 34b in an opposed 
relation to each other. The ceramic laminated body 60 
may be cut along the line C1 and C2 first, and then, 
along the line C5, or may be cut along the cutting line 
C5, and then, along the lines C1 and C2. It is also pos- 
sible that the ceramic laminated body 60 may be cut 
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along the cutting lines CI, C2, and C5 simultaneously. 
The end surface of the fixing section 14 in an opposed 
relation to the cutting line C 5 may be properly cut when, 
for example, the entire length of the piezo-electric/elec- 
trostrictive device is precisely controlled. 
[0122] In the production method described above, un- 
necessary portions are cut and removed from the ce- 
ramic laminated body 60. The obtained piezo-electric/ 
electrostrictive device 10 includes the piezo-electric/ 
electrostrictive elements 18a and 18b on the ceramic 
substrate 16, and the movable sections 20a and 20b 
having the end surfaces 34a and 34b. In this method, 
the production steps can be simplified, and the yield of 
the piezo-eiectric/electrostrictive device 10 can be in- 
creased. It is especially preferable that a plurality of pt- 
ezo-electric/electrostrictive devices 10 are arranged on 
one and the same substrate in its longitudinal and lateral 
directions respectively to obtain a plurality of devices in 
one step. 

[0123] The ceramic laminated body may be cut by 
mechanical processings such as dicing and wire saw 
processing, laser processing with YAG laser excimer la- 
ser, electron beam and the like. 

[0124] When the ceramic substrate 16 is cut, the 
above-described processings are employed in combi- 
nation. It is preferable, for example, wire saw processing 
is employed for cutting along the lines C1 and C2 (see 
Fig. 11), and dicing is employed for cutting the fixing sec- 
tions 14 perpendicular to the cutting lines C1 and C2, 
and the end surface of movable sections 20a and 20b. 
[0125] In the above-described method for producing 
the piezo-electric/electrostrictive device 10, the piezo- 
electric/electrostrictive elements 18a and 18b are 
formed on the thin plate sections 12a and 12b by sinter- 
ing and integrating them into one-piece unit The thin 
plate sections 12a and 12b, and the piezo-electric/elec- 
trostrictive elements 18a and 18b are slightly displaced 
to project toward the hole section 42, and become de- 
formed due to the shrinkage of the piezo-electric/elec- 
trostrictive layer 22, and the difference in thermal coef- 
ficients between the pair of electrodes 24 and 26 and 
the thin plate sections 12a and 12b. As a result, internal 
residue stress tends to be generated in the piezo-elec- 
tric/electrostrictive elements 18a and 18b (and especial- 
ly piezo-electric/electrostrictive layer 22) and the thin 
plate sections 1 2a and 1 2b. 

[0126] The internal residue stress is also generated 
in the thin plate sections 12a and 12b, and the piezo- 
etectrtc/electrostrictive layer 22 when the piezo-electric/ 
electrostrictive elements 18a and 18b are attached to 
the thin plate sections 12a and 12b as separated mem- 
bers, besides in the integration by sintering described 
above. That is, when the adhesive is stabilized or cured, 
the adhesive shrinks on curing to cause the internal res- 
idue stress to generate in the thin plate sections 12a and 
12b, and the piezo-electric/electrostrictive layer 22. Fur- 
thermore, if the adhesive requires heat application at the 
time of stabilization or curing, larger internal residue 



stress is generated. 

[0 1 27] If the piezo-electric/electrostrictive device 1 0 is 
used in this state, there are cases where the movable 
sections 20a and 20b do not exhibit a desired amount 

5 of displacement even if a specified electric field is ap- 
plied to the piezo-electric/electrostrictive layer 22. This 
is because the internal residue stress generated in the 
thin late sections 12a and 12b, and the piezo-electric/ 
electrostrictive layer 22 damages the material charac- 

10 teri sties of the piezo-electric/electrostrictive layer 22, 
and impedes the displacement movement of the mova- 
ble sections 20a and 20b. 

[0128] In order to avoid such a trouble, in the produc- 
tion method of the present invention, the peripheral por- 

15 tions of the movable sections 20a and 20b are cut and 
removed after the piezo-electric/electrostrictive ele- 
ments 18a and 18b are formed. As a result of cutting, 
the end surfaces 34a and 34b in an opposed relation to 
each other are formed on the movable sections 20a and 

20 20b respectively. The end surfaces 34a and 34b moves 
in a direction that they get close to each other by the 
internal residue stress generated in the thin plate sec- 
tions 12a and 12b, and the piezo-electric/electrostrictive 
layer 22. The width between the end surfaces 34a and 

25 34b after they get close to each other becomes a second 
specified width W2 which is shorter than the specified 
width W1. More specifically, the second specified width 
W2 does not extend straightly, but gradually decreases 
in an upward direction and is smaller at the top ends of 

30 the end surfaces 34a and 34b than the bottom ends 
thereof. 

[01 29] The end surfaces 34a and 34b move when the 
internal residue stress is generated in the thin plate sec- 
tions 12a and 12b, and the piezo-electric/electrostrictive 

35 layer 22 is released. If the piezo-electric/electrostrictive 
device 10 is used in the state where the internal residue 
stress is released, the movable sections 20a and 20b 
exhibit the displacement movement substantially as de- 
signed, and as a result, the device 1 0 exhibits excellent 

40 characteristics. The same effect can be obtained in the 
case where the end surfaces 34a and 34b in an opposed 
relation to each other are formed in the fixing section 1 4 
by cutting a part of the portion to be the fixing section 
14. In this case, the internal stress generated in the thin 

45 plate sections 12a and 12b, and the piezo-electric/elec- 
trostrictive layer 22 is released by the movement of the 
end surfaces 34a and 34b in an opposed relation to each 
other formed in the fixing section 14. The end surfaces 
34a and 34b are not necessarily formed at a middle area 

50 of the movable sections 20a and 20b or the fixing section 
14, and the same effect can be obtained when they are 
formed at positions depart from the middle area. 
[0130] In the cutting step shown in Fig. 11, the ceramic 
laminated body after being cut is preferably heated at 

55 300 to 800°C for the following reason. As a result of cut- 
ting process, defects such as micro cracks tend to be 
created in the piezo-electric/electrostrictive device 10. 
These defects can be prevented by being heated, and 
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high reliability can be attained. After the heat treatment, 
the ceramics laminated body is subjected to aging treat- 
ment where it is left at about 80 °C at least for 1 0 hours. 
In the aging treatment, various stresses received in the 
production steps can be further decreased thereby in- 
creasing the characteristics of the device. 
[01 31 J As described above, according to the invention 
recited in claim 1, a recess filled with a filler is present 
between at least the thin plate section and movable sec- 
tion, or between the thin plate section and the fixing sec- 
tion. With this arrangement, even if the thin plate sec- 
tions create large displacement by receiving a large im- 
pact from the outside, and stress is generated at a 
boundary between the thin plate section and the mova- 
ble section or between the thin plate section and the fix- 
ing section, the stress is dispersed into the filler provided 
in the recess. In this manner, there is no damage which 
has been conventionally resulted from the concentration 
of the stress, and there is only a small influence to the 
basic properties of the piezo-electric/electrostrictive de- 
vice. As a result, the impact resistance of the thin plate 
sections is enhanced. 



Claims 

1 . A piezo-electric/electrostrictive device comprising a 
pair of thin plate sections in an opposed relation to 
each other, a fixing section for supporting the thin 
plate sections, the pair of thin plate sections having 
a movable section at a top end thereof, and at least 
one of the pair of thin plate sections having one or 
more piezo-electric/electrostrictive elements, 

wherein a filler is provided in recesses be- 
tween the thin plate sections and the movable sec- 
tions, or in recesses between the thin plate sections 
and the fixing section. 

2. A piezo-electric/electrostrictive device according to 
claim 1 , wherein the filler exhibits an adhesive ac- 
tion at a surface between the thin plate section and 
the movable section, or at a surface between the 
thin plate section and the fixing section. 

3. A piezo-electric/electrostrictive device according 
claim 1 or 2, wherein the filler has a viscoelasticy. 

4. A method for producing a piezo-electric/electros- 
trictive device comprising a pair of thin plate sec- 
tions in an opposed relation to each other, a fixing 
section for supporting the thin plate sections, the 
pair of thin plate sections having a movable section 
at a top end thereof, and at least one of the pair of 
thin plate sections having one or more piezo-elec- 
tric/electrostrictive elements,, including the steps 
of: 

forming and preparing a first ceramic green 



sheet to be the thin plate section, a second ce- 
ramic green sheet having a first window sec- 
tion, and a third ceramic green sheet having a 
window section smaller than the first window 
5 section; and 

interposing at least the second ceramic green 
sheet between the first and third ceramic green 
sheets to prepare a laminated body of a plural- 
ity of ceramic green sheets. 

10 

5. A method for producing a piezo-electric/electros- 
trictive device comprising a pair of thin plate sec- 
tions in an opposed relation to each other, a fixing 
section for supporting the thin plate sections, the 

15 pair of thin plate sections having a movable section 
at a top end thereof, and at least one of the pair of 
thin plate sections having one or more piezo-elec- 
tric/electrostrictive elements, including the steps of: 

20 forming and preparing a first ceramic green 

sheet to be the thin plate section, and a second 
ceramic green sheet having a window section; 
and 

interposing a sheet containing a high-melting 
25 point metal between the first ceramic green 

sheet and the second ceramic green sheet. 

6. A piezo-electric/electrostrictive device according to 
claim 5, wherein the sheet containing the high-melt- 

30 jng point metal is formed by a print forming. 
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